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Animals were sacrificed by decapitation followed by spinal pithing. Dorsal (back), ventral (abdominal), and leg skins were utilized in our experiments with X. laevis because of the apparent uniform distribution of skin glands in all these integumental areas. Only the back skin of R. pipiens was used because of the predomi nance of granular glands located within the dorsal plicae.
After removal, ■ skins were immersed immediately in amphib ian Ringer solution (pH 7.4), and were then cut into smaller pieces, usually four or five in number. Each piece of skin was then placed in a 50 ml beaker contain ing 20 ml of Ringer solution. Skins were usually allowed The first experiments were designed to evaluate the response of granular glands to sympathomimetic stimulation.
Three X. laeyis were sacrificed and their skins subjected to the following sympathomimetic amines: epinephrine (E)f norepinephrine (NE), phenylephrine (PE), and isoproterenol (ISO). In Table 1 are shown the results of these experi ments. Whereas ISO was ineffective in stimulating secretion at any concentration used, both NE and E were effective even at fairly low concentrations. Phenylephrine elicited glandular secretion only when higher concentrations were u sed, The sympathomimetic agents could therefore be ranked as to their ability to evoke glandular secretion in the following order of relative effectiveness: E and NE _ ) > PEy ISO. The glands of the dorsal skin had a much lower threshold to stimulation than did those of the ventral skin.
Similar experiments with R. pipiens gave comparable results. Both E and NE caused secretion; again, PE was only effective at the higher concentration used (and then, not all skins responded) and ISO was totally ineffective Three toads each Supplied five pieces of skin, four of which were subjected to a low concentration (10"^ M) of the sympathomimetic agents, one piece of skin for one agent, The fifth, or'remaining piece of skin was maintained in Ringer solution as a control (A). Those skins that did not respond at this concentration were then subjected to a higher concentration (1.0M ) of these agents (B)..
Frog Number
Ringer Solution Phenylephrine Norepinephrine Epinephrine. Isoproterenol
Total 3 3 0 X 7 (Table 2) . Thus f the sympathomimetic agents could again be similarly ranked as to their ability to induce glandular secretion in this second species of anuran. As is evident from the totals, the glands of some skins were not reactive at the concentration used in these experiments. (Table 3) .
A similar experiment utilizing Dibenamine as the alpha adrenergic antagonist provided analogous results to those.obtained in Table 3 . Twelve R. pipiens were sacrificed and a portion of their skins were preincubated in Dibenamine (IP™ 4 M) while the remaining pieces of skin were maintained in Ringer solution. After one hour, NE (IP-4 M) was added Twenty-seven;frogs each supplied five pieces of skin, one each of which was subjected to a 10-4 m concentration of one of the sym pathomimetic agents. , One skin from each frog was maintained in . Ringer solution as a control. Eighteen frogs each supplied four pieces of skin, two of which were in cubated in ergotamine (IQ-^ M) and two pieces, from each animal were untreated and were maintained in Ringer solution. After one hour NE (10""^ M) was added to one group of skins incubated in ergotamine and to one group of skins residing in Ringer solution. The remaining two groups of skins were maintained as controls. (Table 4) .
One further experiment was done utilizing the alpha adrenergic antagonist, phentolamine, and similar results were obtained to those in Table 3 and 4. Fourteen R.
pipiens were sacrificed and part of their skins were pre--4 incubated in phentolamine (10 M) while the remaining portions of skins were allowed to reside in Ringer solu tion during the incubation period. After one hour, NE (10 M.) was added to the skins. Again, complete secre tion was observed from granular glands .in those skins main tained in Ringer solution while phentolamine totally blocked this secretory response in those skins which were preincu bated in this agent (Table 5 ).
The next experiments were designed to determine the effect of the beta adrenergic receptors, if any are present. Fourteen frogs each supplied four pieces of skin, two of which were incubated in phentolamine (10-4 M) and two pieces from each animal were untreated and maintained in Ringer solution. After one hour, . NE (10"4 M) was added to one group of skins incubated in phentolamine ■ and to one group of skins residing in Ringer .solution. The remaining two groups of skins were maintained as controls. (Table 6) .
Similar experiments with 'E.' pipiens provided results comparable to those obtained with X, laevis. Here the alpha adrenergic blocking agent, phentolamine, again pre vented glandular secretion in response to E stimulation --(- Table 7 ) . Both propranolol and' DCI failed to prevent glandular secretion in response to catecholamine stimula tion,
Effect of Methylxanthines
Methylxanthines, e.g., theophylline and caffeine, are known to be smooth muscle relaxants and therefore were used to try and block the response of skin glands to cate cholamine stimulation as the granular glands of anurans are encapsulated by smooth muscles (Noble, 1931) , There fore, in the next experiment, skins from R. pipiens were preincubated in theophylline for one hour and then NE was added. Whereas NE stimulated secretion from skins in Ringer solution (control response), those skins incubated in theophylline failed to secrete (Table 8) . Six X-laevis each supplied five pieces of skin, one group of which was preincubated in the beta blocking agent DCI (10~^ M ) , another group .was preincubated in another beta blocking agent, propranolol (ICT4' M) , and a third group of skins were preincubated in the alpha antagonist, phentolamine (10-4 m ) . The remaining two groups of skins ■ were maintained-in Ringer solution. After one hour, epinephrine (10' _4 j y t ) was added to one group of skins residing in Ringer solution and to the three groups preincubated in the adrenergic antagonists.
The remaining group of skins in Ringer solution was untreated and served as a control for the experiment. Twelve frogs each 'supplied'five pieces of skin, one group of which was preincubated in the beta blocking agent DCI .(10^ M) r another group was preincubated in another beta blocking agent, propranolol (10~^ M ) , and a third group of skins were preincubated in the alpha antagonist, phentolamine (10-4 m ) . The remaining two groups of skins were maintained in Ringer solution. After one hour, epinephrine (10-4 m) was added to one group of skins residing in Ringer solution and to the three groups preincubated in the adrenergic antagonists.
The remaining group of skins in Ringer solution was untreated and served as a control for the experiment. Ten frogs each supplied four pieces of skin, two pieces' of which were allowed to remain in Ringer solution while the other two pieces were preincubated in theophylline (ICT^ M ) , After one hour, HE (10""-M) was added to one of the Ringer .and to one of the theophylline groups of skin. The remaining two groups of skins were maintained as controls. that the secretions observed by Watlington (1968) and.by Bastian and Zarrow (1954) were from granular glands.
Furthermore, it has been well documented (Koelle, 1966) that beta adrenergic receptors do not mediate the con tractile response of smooth muscle but, rather, if they are present, then, they may relax the muscle if stimulated.
In contrast, alpha adrenergic receptors, when present, are usually responsible for mediating smooth muscle contraction.
The granular glands fit into this pattern whereby secretion is controlled by alpha adrenergic stimulation causing smooth muscle contraction. In addition, there is evidence (Lloyd, 1.968) that alpha adrenergic receptors may regulate, in part, the control of mammalian sweat glands? these glands have been considered ,as being possibly homologous with the amphibian serous glands (Smith, 1960) ,
